INTRODUCTION
The diether and tetraether lipids were isolated from Methanobacterium thermoautotrophicum cells (ATCC 29183) during their growth phase. The diether content (mg/g dry weight) increased several fold during the 6-day cell growth, while the tetraether content decreased by about 60% over the same time period. The diether:tetraether ratio changed from 1 : 2.7 at day 2 to 1 : 0.2 at day 6. The results indicate that the diether:tetraether ratio changed with time and can therefore not be used as a reliable chemical indicator to identify species of methanogenic bacteria as has been suggested. The content and composition of the fatty acids in these bacteria were also investigated. Their content decreased with time.
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The basic lipid core of methanogenic bacteria consists of either diethers (DE; 2,3-di-Ophytanyl-sn-glycerol), tetraethers (TE; 2,3,2',3'-tetra-O-dibiphytanyl-di-sn-glycerol), or both ( Fig.   1 ), in different proportion [1] [2] [3] . Minor amounts of C15 and C20 isoprenoid homologes [4] , and 1 to 3 cyclopentane rings within the TE [5, 6] have been detected in some species of methanogenic bacteria, while one species (Methanococcus jannaschii) contains primarily a C40 macrocyclic glycerol diether [7] . On the other hand, halophilic bacteria possess only DE, while thermophilic bacteria contain mainly TE with 1 to 4 cyclopentane rings and small amounts of DE [1, 3] .
The occurrence and relative distribution of isopranyl glycerol ethers has been proposed and used as a chemical marker to identify these bacteria and species within them, since they are believed to be constant [4, 6, [8] [9] [10] bacteria is known to change with growth temperature [11] . No other factors have been shown to change the relative proportion of these ethers.
The DE:TE ratio in Methanobacterium thermoautotrophicum was reported to be 1:1.25 [1, 8, 12] . In the present study, M. thermoautotrophicum cells (ATCC 29183) were grown under standard growing conditions [13] for 6 days, and sampled daily from day 2 to determine if the DE:TE ratio changed during the growth phase. The DE and TE were quantitated using the Iatroscan method [14, 15] .
MATERIAL AND METHODS

M. thermoautotrophicurn cells (ATCC 29183)
were grown and harvested as described previously [13] . At days 2 to 5, about 3 1 were taken from the fermenter and harvested by centrifugation. At day 6, the remainder of the 75-1 fermenter was harvested with a continuous-flow high-speed centrifuge [13] . Cells were disrupted by autoclaving. Aliquots were taken for dry matter and protein determination [16] and the remainder was extracted for total lipids with chloroform : methanol (1 : 1) [17] . The total-lipid extract was partitioned in a modified Bligh and Dyer mixture [18] of chloroform : methanol : aqueous 0.1 N NaCI (1 : 1 : 0.9) to remove any non-lipid material.
The total lipids were quantitated using the Iatroscan [14, 15] . An aliquot of each days sample was spotted adjacent to a known amount of standard (methyl heptadecanoate; 17:0 methyl ester (ME)) on a Chromarod, and the flame ionization detector (FID) response was measured [15] . The rods were not developed before analysis and a correction factor of 1.0 was assumed. A known aliquot of the total lipids was methylated with anhydrous HCl:methanol (5"95, w/w) for 1 h at 80 °C. The products of methylation were extracted from the methanol phase with hexane after addition of 5% water, and dissolved in a known volume of chloroform :methanol (1:1) having an approximate concentration of 20 Ixg/Ixl.
To quantitate the two ethers, one /xl of the total lipid extract was spotted on Chromarods and developed in 1,2-dichloroethane:chloroform : formic acid (98 : 8 : 0.1). After the first development, the rods were dried and burned from the top of the rod to Rf 0.15 (Fig. 2, Section A) . A known amount of 17:0 ME was added at the origin on the rod before the second development in hexane : diethyl ether : formic acid (70 : 30 : 0.1). The complete rod was then burned (Fig. 2 , Section B). The DE and TE were quantitated by comparing their FID response to that of the standard (17 : 0 ME) and dividing by the response factors for the two ethers. The response factors for the two ethers were determined by preparing a mixture of known concentration of DE, TE and 17 : 0 ME and analyzing them on rods after development with solvent hexane : diethyl ether : formic acid (70: 30:0.1). The ratio of the FID response of the ether to the 17:0 ME standard gave the response factor, which was 0.734 + 0.057 and 0.422 _+ 0.044 for the DE and TE, respectively. Larger amounts (20-30 mg) of these two ethers were prepared by reacting the total lipids (day-6 sample) with anhydrous HCl:methanol (5:95, w/w) and purifying the ethers on several Silica Gel G thin-layer plates (20 × 20 cm, 0.25 mm thickness). The developing solvent was hexane : diethyl ether : acetic acid (50 : 50 : 1). 1H-and 13C-NMR spectra were recorded in CDC13 at 500.13 and 125.2 MHz, respectively, using a Bruker AM500 NMR spectrometer operating at 303 K. Fast-atom bombardment-mass 47 spectra (FAB-MS) were recorded on a Finnigan MAT 312 mass spectrometer with the use of a glycerol matrix. The Iatroscan TH-10 Analyzer, Mark II, was equipped with an FID and connected to a Hewlett-Packard 3363A Laboratory Automation System. The hydrogen flow rate was 160 ml/min, air flow 2 1/min, and scanning speed 0.42 cm/s. All data were analyzed by analysis of variances. Individual values are means _+ SD.
RESULTS AND DISCUSSION
The cell growth went through a logarithmic phase from day 2 to 4 and then entered the stationary phase (Fig. 3) . The total lipid content was 1.6 _+ 0.2% of dry matter which agreed with the previously reported value of 1.7% [17] . The mean protein content was 49.5 + 3.5% of dry matter. Neither the lipid nor protein content per g dry matter changed significantly with the age of culture (results not shown).
The DE:TE ratio in M. thermoautotrophicum was reported to be 1 : 1.25 [1, 8, 12] . In our studies over the past few years, we have occasionally analyzed the DE:TE ratio from different fermentor batches and found it to range between 1 : 0.5 to 1 : 3.3. This led us to investigate whether the age of the culture affected the DE : TE ratio, (Fig. 2) . The quantitative results from two separate fermentor batches of cells grown for 6 days are shown in Table 1 . The TE content in both batches decreased linearly by about 60% over the 6 day period; the values were similar between the two batches. On the other hand, the DE content increased markedly, but the increase was not consistent between the two batches. It doubled in one case and increased 14-fold in the other. The maximum DE content occurred after 4 days of cell growth and plateaued thereafter. The DE to TE ratio found in these two studies covered a range similar to that observed in previous analyses, which suggests that there are additional factors influencing the production of DE.
In addition to DE and TE, the methanogenic lipids contained fatty acids which were converted to their methyl esters during methanolysis. The content of the fatty acid methyl esters (FAME) showed a decrease over time similar to that of the TE (Table 1) . Fatty acids were reported to occur in these bacteria [12] , but their change in content with age of cell growth and their composition was not given. The fatty acids identified in this strain of M. thermoautotrophicurn were 14 : 0 (4.9%), iso 15 : 0 (26.9%), anteiso 15 : 0 (2.5%), 15 : 0 (19.6%), iso 16:0 (2.2%), anteiso 16:0 (1.8%), 16:0 (20.9%), iso 17:0 (2.3%), anteiso 17:0 (1.6%), 17:0 (2.5%), 18:0 (7.0%) and several minor fatty acids (7.8%).
The structures of DE and TE (Fig. 1) were confirmed after isolating sufficient quantities of the two ethers from the methylated lipids of this bacteria (day 6 sample). The Rf value of DE and TE on thin-layer chromatography was 0.63 and 0.38, respectively, using hexane:diethyl ether : formic acid (50 : 50 : 1) as developing solvent. The DE had a molecular ion (M + 1) in FAB-MS of m/z 653.7 (theoretical m/z 653.68) and the 13C-NMR spectrum (Fig. 4, upper graph) showed signals (ppm) at 39.4 (14,14'), 28.0 (15,15') and 22.6 and 22.7 (16, 16", 20, 20' ), indicative of an alkyl chain end and not a ring structure [19] . The TE had a molecular ion (M + 1) in the FAB-MS of m/z 1301.6 (theoretical m/z 1302.32), and the 13C-NMR spectrum (Fig. 4 , lower graph) showed signals consistent with both phytyl ends of the diethers joined together to form a dibiphytanyl diglycerol tetraether. Assignments of each carbon are indicated in the respective NMR graphs in Fig. 4 . It is evident from these data that DE contains no macrocyclic structure and TE contains no cyclopentane rings.
The results of this study indicate that the DE:TE ratio cannot be used as a chemical taxonomical marker for the identification of this specific methanogenic bacteria, although the occurrence of only DE and TE in the lipids of a bacteria would suggest a methanogen. It remains to be determined wheter other methanogenic, halophilic and thermionic bacteria also undergo changes in their ether lipids during culture growth. The change in the DE : TE ratio might possibly cause an alteration in membrane structure and/or stability of the cells with the age. Since both ethers are membrane components, a higher content of TE that spans the membrane width, might provide a more rigid membrane for the young cells. Furthermore, changes in the DE and TE content suggest differences in biosynthesis of 49 these ethers depending on the age of the cell. Therefore, studies on the biosynthesis of these ether lipids [20, 21] will need to take into consideration the age of the cell culture.
